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ABSTRACT 


This  Investigation  was  unc\~r  taken  to  develop  a now*  rapid 
and  accurate  mothod  for  the  dstona.^  -iton  of  ni irate  in  eoa  water, 
based  upon  the  polarographic  reduction  of  nitraic  in  tho  presence  of 
urcnyl  ions. 


It  lias  bsen  found  that  sulfate  ions  cbprece  the  reduction 
current  by  a definite  proportion  dopanliug  on  t ie  cklorinity  of  the 
water  eaapio « For  chlorinitios  ia  tho  range  of  14  to  19  °/°°*  this 
effect  is  rather  constant.  Fluoride  iitsr  feres  strongly  wit 3a  the  reduc- 
tion of  nitrate,  but  iha  use  of  al'u.c'.irin  cr  Eircocyl  salts  *:ay  satisfac- 
torily eliminate  this  effect.  Other  i:itorferia?  ions  and  tin  selection 
of  prossrvativc  have  also  been  disov-.ns  id.  A procedure  for  the  detonat** 
nation  of  nitrate  in  cog  water  has  bom  proposes  and  its  validity  tested. 

It  has  been  concluded  that  file  Eothori  can  bo  used  to  detannico 


nitrate  in  sea  water  of  various  types* 


PQLABQflRAFBIC  DETERMINATION  OF  NITRATE  DT  SIX  WATER 
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Nitrate  plays  an  important  role  In  aea  eater  although  present 
in  very  small  amount*  It  is  considered  one  of  the  nutrient  salts  upon 
which  the  biological  activity  in  the  sea  depends*  Ecological  studies 
involving  the  nutrient  salts  necessitate  extensive  surveys  and  numerous 
analyses*  Methods  far  obtaining  such  data  need  be  simple , rapid,  sensi- 
tive and  accurate*  However,  such  a method  far  nitrate  has  been  T « firing 
and  ecological  studies  involving  nitrate  analyses  of  sea  water  have  been 
discouraged.  Previously  reported  data  on  nitrate  have  been  obtained 
mainly  by  the  colorimetric  "reduced  strychnine method  of  Harvey  (1929)* 
This  method  has  been  investigated  and  revised  by  Z wicker  and  Robinson 
(1944)  but  at  the  best  it  is  not  convenient  and  the  reliability  of  the 
results  may  be  questioned,  though  apparently  they  are  reasonably  aocurate* 

In  the  present  Investigation,  there  has  been  developed  a new 
method  of  determination  of  nitrate  in  sea  water,  baaed  upon  the  polaro* 
graphic  reduction  of  nitrate  using  uranyl  ions  as  catalyst*  The  catalytic 
effect  of  uranyl  was  first  reported  by  Kolthoff,  Harris  and  Matsuyama 
(1944)o  The  polarographio  determination  of  nitrate  with  molybdate  as 
the  catalyst  has  also  been  reported  by  Johnson  and  Robinson  (1952)  but 
lacked  the  sensitivity  demanded  for  the  determination  of  the  amounts 

of  nitrate  present  in  ees  water* 
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Tha  polarographlo  data  ware  obtained  with  a Heyrovsky  Miaro- 
polaro graph,  Modal  X,  calibrated  by  tha  method  of  Kolthoff  and  Liagane 
(1946) , An  H-shaped  electrolytic  call  (Lingane  and  Laitinen,  1939)  with 
a saturated  calomel  reference  electrode  a a one  arm  connected  by  a potas- 
sium chloride  bridge  mas  used*  The  capillary  characteristic,  t 
was  lo30  mg2/3  sec"V20  <rjje  electrolytic  cell  mas  immersed  in  a thermo- 
stat adjusted  to  25.0  ± 0ol°C  by  a nmerc-to-nercn  thermo-regulator  and  a 
"merc-tomerc"  relay  box  (Precision  Scientific  Coe)o 
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All  chemicals  used  in  this  investigation  sore  of  reagent 
grade o The  various  solutions  mere  prepared  wilih  distilled  water 0 
lo  Orauyl  Acetate  Solution.  0.8484  gram  of  uranyl  acetate  crystals, 

U0^ ( CH3 C 00 ) 2 v 2H2O , was  dissolved  in  water  to  one  liter.  The  concentration 
of  uranyl  ion  in  this  solution  was  2.00  x 10”^  M. 

2c.  Aluminum  Chloride-Hydrochloric  Acid  Reagent.  32 o 2 grams  of  aluminum 
chloride  crystals,  AlCl3»6H20,  and  83.3  ml.  of  12  N hydrochloric  acid  were 
added  to  water  and  diluted  to  one  liter.  This  reagent  was  1 M in  hydro- 
chloric add  and  0.13  M in  aluminum  chloride 0 

3.  Fluoride-free  Synthetic  See  Water.  This  wcs  prepared  according  to 
Robinson  and  Spoor  (1936)  by  dissolving  per  liter  23.38  grams  of  sodium 
chloride,  3.9066  grams  of  anhydrous  sodium  sull’ate,  0.745$  gram  of  potas- 
sium chloride,  10.676  grams  of  Mg&2°6H20  and  1047  grams  of  CaCl2'2R20. 
This  synthetic  8ea  water  had  a chlorinity  of  19  parts  per  (°/oo) 
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and  the  concentrations  of  the  various  aalta  were  aa  follows*  0.40  H in 
sodium  chloride,  0.0273  M in  aodiua  sulfate,  0.0525  M In  magnesium  chlo- 
ride, 0.01  It  in  potassium  chloride  and  0.01  H in  calcium  chloride.  Syn- 
thetic sea  water  with  lesser  chi or ini ties  was  made  by  diluting  this 
solution  with  appropriate  amounts  of  distilled  water. 

4*  Synthetic  Sea  Water  containing  fluoride.  This  was  made  by  dissolv- 
ing in  the  above  solution  0.0029  gram  of  sodium  fluoride  per  liter.  The 
resulting  concentration  of  fluroide  ion  waa  7 x 10“^  M. 

5o  Standard  Nitrate  Solution.  A 0.00200  U sodium  nitrate  solution  was 
used  as  the  standard  for  nitrate. 

grog MC& 

Polarograms  were  obtained  after  the  dissolved  oxygen  in  the 
various  solutions  had  been  driven  off  with  nitrogen  gas.  The  current 
due  to  nitrate  was  obtained  by  measuring  the  current  at  -1.2  v.  vs.  S.C.E. 
and  subtracting  the  current  of  an  uranium  blank.  All  potentials  reported 
in  this  work  have  been  referred  to  the  saturated  calomel  electrode,  S.C.E. 

sPlkaSa  In  .§;yBtiwttc.§ga 

Kolthoff  et  al.  (1944)  investigated  the  polarography  of  uranium 
and  found  two  waves  in  acid  solution  indicating  reductions  of  uranium  VI 
to  uranium  V and  uranium  V to  uranium  III.  They  also  found  that,  in  the 
presence  of  uranyl  ions,  nitrate  was  reduced  to  nitrogen  gas  at  potentials 
where  the  second  uranium  wave  occurred.  They  offered  the  explanation  that 
the  uranium  III  formed  at  the  cathode  acted  as  an  "activator”  far  the 


reduction  of  nitrate.  A typical  polar ogram  was  shows  in  their  paper® 

They  also  reported  that  there  wae  a linear  relationship  between  the  reduc- 
tion current  and  nitrate  concentration  when  the  uranyl  concentration  was 
above  a certain  limiting  value  which  varied  depending  upon  the  nitrate 
concentration# 

Since  in  sea  water  ths  n±tx*ate  content  ranges  from  zero  to 
about  70  jug-atoms  per  liter*  a uranyl  concentration  of  1 x 10~^  H would 
be  needed  for  application  of  this  method  on  the  basis  of  the  work  of 
Kolthoff  et  al#  The  reduction  current  should  than  bo  directly  proportional 
to  the  nitrate  concentration  for  the  rangy  involved# 

Preliminary  investigations  ware  made  Tilth  solutions  containing 
various  amounts  of  nitrate  in  0.2  M sodium  chloride  and  also  in  fluoride- 
free  synthetic  ssa  water.  To  a 100  ml.,  portion  of  each  solution  were 
added  5 ml.  of  uranyl  solution  ar.d  1<  5 sjI*  of  1 M hydrochloric  acid  and 
the  polorogram  then  taken#  Tho  results*  recorded  in  Tables  I and  II  and 
plotted  in  Figure  1,  indicate  that  the  current  is  proportional  to  tha 
nitrate  concentration  in  either  medium*  Tho  data  obtained  with  nitrate 
in  0.2  M sodium  chloride  solutions  agree  very  well  with  those  reported  by 
Kolthoff,  Harris  and  Matsuyama.  It  should  be  acted  that  the  current  in 
synthetic  sea  water  is  somewhat  less  than  in  the  sodium  chloride  medium 
due  to  the  effect  of  sulfate.  The  half-wave  potential  of  the  second 
uranium  wave  was  also  found  to  be  shifted  from  -0.95  v.  to  -1.04  v.  vs0 
S.C.E.  in  tho  pros once  of  sulfate#  The  offect  cf  sulfate  on  tho  reduction 
curront  of  nitretn  was  investigated  further  in  synthetic  sea  water  madia 
of  varying  chlorinitios.  Since  there  ic  a definite  ratio  between  the 
chlorinity  and  sulfate  concentration  in  sec  water,  tho  amount  of  sulfate 

**4~ 


TABUS  1 


/ 


Diffusion  Current  of  Nitrate  in  Sodium  Chloride  Solutions 

0*015  M hydrochloric  acid,  0*2  M sodium  chloride,  1 x 10“^  M 
uranyl  acetate,  »2/3tV6  * 1.30  mg2/3S0C-l/2a  residual  current 
at  -1*2  ▼.  vs.  S.C.E.  s 0.734  microamperes , 


Nitrate  Conc'n 
/ig-et./lo 

2.0 
6o0 
10.0 
20  „0 
30.0 
40.0 
70.0 
100.0 


Diffusion  Current 
far  Nitrate,  jua 

0.037 

0.110 

0.175 

0.356 

0.527 

0.718 

1.242 

1.699 

Average  value 


K'  s i/C 
>ua/ug-et./lo 
(x  102) 

1.85 

1.67 

1.75 

1.78 

1.76 

1.79 

1.77 
1.70 

1.76 


K = i/Cn^A;1/6 

(x  1Q2) 

1.42 

1.28 

1.35 

1.37 

1.35 

1.38 

1.36 
1.31 

1.35 
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TABLE  II 


Diffusion  Current  of  Nitrate  in  Synthetic  Sea  fife  ter  Solutions 


0.015  M hydrochloric  add,  synthetic  sea  water*  Cl  °/oo  3 19? 
1 x 10*4  m uranyl  acetate,  m2/3tV«  ss  1,30  mg2/3aee-l/2f 
residual  current  at  -1,2  v.  vs,  S.C.E.  = 0,734  microamperes. 

Ltrata  Conc’n 
jig-at./l. 

Diffusion  Current 
for  Nitrate,  /us 

K»  = i/C  K 

^la/ug-atc/lfc, 

(x  10*) 

= l/Cm2/3t1/6 
(x  102) 

1.0 

0.022 

(2.2) 

(1.69) 

2,0 

0,029 

1.45 

1.12 

4*0 

0,060 

1.50 

1.15 

5,0 

0.081 

1.62 

1.25 

6,0 

0.093 

1,55 

1.19 

10„0 

0.154 

1.54 

1.19 

20*0 

0.304 

1.52 

1.17 

30,0 

0.458 

1,53 

1,18 

40  oO 

0.602 

1«51 

1.16 

70,0 

1,026 

1,47 

1.13 

100,0 

1,495 

1,50 

1,15 

Average  value 

1,52 

1.17 

DIFFUSION  CURRENT,  JJA 


Figure  1.  Calibration  Curve  for  Nitra te  in  Preaenoe  of 
Uranyl  in  Sodium  Chloride  and  in  Synthetic  Sea 
Water  Solutions* 

-^Nfcre  A i 0*015  M hydrochloric  acid,  0.2  If  sodium 
chloride , 1 x 10*4  u uranyl  acetate. 

Curve  B<  0*015  M hydrochloric  acid,  synthetic  see 
water,  Cl  °/°°  "19,  lx  10*4  M uranyl 
acetate* 

Current  measured  at  -1*2  v.  vs*  S.C.S. 
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was  varied  accordingly*  It  was  found  that  variations  of  chlorinity  in 
the  range  of  14  to  19  °/oo  had  very  little  effect  on  the  current.  When 
the  chlorlnity  be cane  lees  than  14  °/oo , the  current  increased  as  the 
chlorinity  decreased.  Since  in  natural  sea  eater  the  chlorlnity  is 
normally  within  the  range  of  14  to  19  °/00»  i-t  *as  considered  feasible  to 
obtain  calibration  data  using  a synthetic  sea  water  of  chlorinity  of 
19  °/o0«>  The  nitrate  concentration  in  actual  sea  water  nay  be  obtained 
by  using  the  calibration  curve,  the  lower  curve  in  Figure  1,  or  by  using 
the  following  equation  derived  from  the  Ilkovic  equation  (Ilkovic,  1934)* 

i = (1.17  x 10"2)(m2/3t1/|,6)(C), 

whore  i is  the  observed  diffusion  currant  due  to  nitrate  in  microamperes; 

the  capiiLlary  characteristics;  and  C,  the  concentration  of 
nitrate  in  the  sample  in  microgram-atoms  per  liter.  The  constant  of 
1.17  x 10  has  been  obtained  by  taking  the  ratio  of  currant  in  micro- 
amperes to  the  product  of  the  capillary  characteristics  and  the  nitrate 

r 

concentration  in  microgram-atoms  per  liter  as  given  in  the  last  column 
in  Table  II. 

The  effecu  of  hydrogen  Ion  concentration  on  the  current  was 
also  studied.  In  neutral  solutions  neither  the  second  uranium  wave  nor 
the  nitrate  wave  occurred.  When  the  hydrogen  ion  concentration  was  too 
high,  the  reduction  of  hydrogen  took  place  at  about  -1.2  v vs,  S.C.E., 
making  the  method  impractical.  It  was  found  that  tho  hydrogen  ion  con- 
centration range  of  0.005  to  0.02  M gave  the  best  results  and  the  current 
remained  constant  in  this  range  for  a given  amount  of  nitrate..  One  and 
a half  milliliters  of  1 U hydrochloric  acid  per  100  ml.,  of  sample  gave 
the  desired  hydrogen  ion  concentration. 
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IX,  PolarographlQ  Reduction  of  Nitrate  In  Synthetic  Sea  Water  containing 


Fluor Ida A 

When  this  method  was  first  applied  to  actual  sea  eater,  only 
uranyl  and  hydrochloric  aold  reagents  mere  added.  It  waa  observed  that 
the  nitrate  nave  was  distorted  in  such  a manner  that  the  current  could 
not  be  measured  due  to  the  lack  of  the  flat  diffusion  current  region. 

The  half-wave  potential  wae  also  shifted  toward  the  more  negative  8 ldo, 
being  approximately  -Id  v.  vs*  S.C.E.,  while  the  first  uranium  wave  was 
not  affected  at  all.  The  distortion  of  the  nitrate  wave  was  found  to  he 
due  to  the  presence  of  flucride  ions  in  the  sea  water.  Since  the  first 
uranium  wave  was  not  affected  it  would  seem  that  the  uranium  III  ions, 
forming  at  the  dropping  mercury  electrode,  must  have  been  reacting  with 
fluoride  ions.  The  catalytic  behavior  of  uranium  upon  the  reduction  of 
nitrate,  thus,  was  greatly  reduced,  causing  the  wave  to  become  ill-defined 
and  the  wave  height  to  be  much  lowered. 

If  this  method  was  to  be  applied  succ3sefully  to  sea  water 
analyses  it  would  seem  necessary  to  first  remova  interference  by  fluoride 
ion.  Conversion  of  the  fluoride  to  a stable  complex  ion  appeared  to  be 
the  simplest  means  although  it  seemed  conceivable  that  precipitation 
methods  might  be  successfully  used.  The  efficiencies  of  a number  of 
cations  eomplexlng  with  fluoride  were  studied,  using  a fluoride-containing 
synthetic  sSa  water  medium*  Ferric  ions  were  f:Lrst  tried  but  were  found 
to  be  unsatisfactory.  When  the  concentration  of  ferric  ion  was  small,  the 
effect  of  fluoride  was  not  eliminated  completely.  When  concentration  of 
ferric  ion  was  more  than  needed  for  coraplexing  ihe  fluoride  ions,  the  fer- 
ric ions  themselves  were  reduced,  thus  masking  uhe  nitrate  wave.  Aluminum 
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and  zirconium  salts  were  next  tried  and  found  to  give  satisfactory  results. 
When  the  fluoride  rra3  complexed  with  either  aluminum  or  zirconium  the 
nitrate  wave  was  restored  and  the  wave  height  became  the  same  as  in  the 
absence  of  fluoride.  The  minimum  amounts  of  aluminum  chloride  and  zir~- 
conyl  chloride  requi:*ed  to  prevent  the  interference  of  the  fluoride  in  sea 
water.  Cl  s 19  °/oo,  were  determined  to  bo  8 x 10~^  M and  4 x lc”^  M 
respectively.  An  excess  of  these  reagents  did  not  affect  the  reduction 
current.  Aluminum  chloride  was  selected  for  use  with  sea  water  because 
of  its  cost  and  easy  availability.  In  practice  an  aluminum  concentration 
of  2 x 10  ^ H was  used  to  assure  the  complete  complex  formation  of  all  the 
fluoride  ions, 

III,  Polerograuhir  Determination  of  Nitrate  in  Actual  Sea  Wat gg 
A)  Digsaggiga.  of  jB.i££fe£BaSSa 

Nitrite  is  reduced  in  the  same  manner  as  nitrate  and  consequently 
interferes,  but  its  current  is  only  about  three-fifths  of  that  due  to 
nitrate  (Kollin  and  Qtvos,  1946),  In  sea  water  the  nitrite  concentration 
is  usually  lee?  than  0,4  jug-at./l.  which  is  too  small  to  exert  an  apprecia- 
ble effect.  If  and  when  the  nitrite  content  in  sea  water  is  greater  than 
10 /lg-at./l.,  though  this  is  very  rare,  a correction  should  be  made<.  The 
concentration  of  nitrite  can  bo  readily  determined  by  the  usual  colori- 
metric method  (Robinson  and  Thompson,  194B), 

Phosphate  if  present  in  sufficient  amount  interferes  by  precipi- 
tating the  uranyl  ions.  In  sob  water  the  amount  of  phosphate  was  so  small 
that  no  interference  was  observed. 

Theoretically,  ferric  ions  would  interfere  with  this  determina- 
tion, since  they  give  a reduction  current  starting  at  zero  applied 
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potential o But  in  eea  water  no  current  due  to  ferric  ions  was  observed, 
apparently  due  to  the  fact  that  they  were  in  some  complexed  fan. 

Sulfate  decreases  the  nitrate  current  as  discussed  previously. 

In  the  sulfate  concentration  range  corresponding  to  chi  car  ini ty  values  of 
14  to  19  °/oo,  the  current  was  decreased  by  a definite  proportion  far 
the  different  nitrate  concentrations  observed,  being  approximately  86 
per  cent  of  that  in  the  absence  of  sulfate,  as  easn  from  Tables  I and  II* 
Within  this  chlorinity  range,  the  calibration  curve,  the  lover  curve  in 
Figure  1,  or  the  equation  given  previously  may  be  used  for  the  determina- 
tion of  nitrate.  When  the  chlorinity  is  less  than  14  °/oo , different 
calibration  curves  should  be  used.  For  sea  water  with  a low  chlorinity, 
it  is  suggested  that  calibration  curves  at  different  chlor ini ties  be 
obtained  for  use,  or  sulfate  may  be  precipitated  out  with  strontium  salts. 
In  the  latter  case,  the  Interference  of  sulfate  is  completely  eliminated 
and  the  concentration  of  nitrate  may  be  obtained  from  the  upper  curve  in 
Figure  1,  or  by  using  the  Ilkovic  equation  which  has  been  simplified  to 
the  following  form* 

i = (1.35  2 10"2)(m2/3t1^6)(C)(, 

where  i is  the  observed  diffusion  current  due  to  nitrate  in  microamperes; 
m2/3t*/^,  the  capillary  characteristics;  and  C„  the  concentration  of 
nitrate  In  the  sample  In  microgram-atoos  per  liter0 

In  addition  to  the  above  interferences  In  sea  water,  it  was 
also  found  that  water  samples  which  had  been  stored  in  polyethylene  plas- 
tic bottle 8 gave  a rapidly  increasing  current  at  the  potential  of  about 
-1.1  v.  vs.  S.C.E.,  thus  masking  the  nitrate  wave  completely.  This  was 
possibly  due  to  the  fact  that  reducible  substances  in  the  plastic  material 
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had  been  dissolved  in  sea  water,  resulting  in  the  appearance  of  this 
current o Thus  plastic  bottles  could  not  be  used  to  keep  the  water 
samples.  Glass  bottles  were  found  suitable  for  this  purpose. 

B)  Preservation  of  Water  Samples 

In  the  sea,  plankton  utilizes  nitrate  as  a nutrient  and  bacteria 
may  decompose  organic  nitrogen  compounds  forming  nitrate  ions.  In  order 
to  obtain  the  amount  of  nitrate  in  sea  water  samples  at  the  time  they 
are  collected,  the  analyses  should  be  made  as  soon  as  possible.  But 
since  this  method  is  impractical  for  use  aboarc  the  ship,  possible  change 
in  the  nitrate  content  may  result  from  the  effects  of  plankton  and  bac- 
teria  during  the  time  interval  between  the  collection  of  the  samples  and 
their  determination.  Consequently  it  is  necesaary  to  add  preservatives 
to  the  samples  to  prevent  the  above  actions  from  taking  place. 

Mercuric  chloride  solution,  though  frequently  used  for  preserva- 
tion of  sea  water  samples,  is  not  considered  desirable  for  use  with 
samples  to  be  analyzed  polarogrsphically,  because  mercuric  salts  give  a 
reduction  current  starting  at  zero  applied  potential.  Although  the  cur- 
rents due  to  nitrate  and  mercuric  lone  are  additive  and  with  addition  of 
definite  amounts  of  mercuric  salts  it  would  be  possible  to  apply  a correc- 
tion, the  use  of  mercuric  salts  greatly  reduce*  the  sensitivity  of  this 
method  making  it  unsuitable. 

Chloroform  is  also  used  as  a preservative  for  water  samples. 

It  was  found  to  be  very  convenient  for  use  in  this  determination.  Dis- 
solved chloroform  is  driven  off  by  nitrogen  gat  when  freeing  the  water 
samples  from  dissolved  oxygen.  Any  remaining  chloroform  in  the  solution 
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does  not  interfere  because  it  is  not  reduoed  at  tbs  dropping  mercury 
electrode  t Determinations  shoved  that  samples  to  vhich  chloroform  had 
been  added  several  days  before  gave  the  same  nitrate  recults  as  just 
before  its  addition.  The  addition  of  1 to  2 ml.  of  chloroform  to  each 
300  ml.  of  sample  was  found  satisfactory. 

C)  Proposed  Procedure  for  the  Determination  of  Hitrate  in  Sea  Water 
In  view  of  the  previous  discussions,  the  following  procedure 
for  the  polarographlc  determination  of  nitrate  in  sea  water  is  proposed  t 
As  soon  as  the  water  sample  is  brought  aboard  the  ship,  2 ml. 
of  chloroform  are  added  to  each  300  ml.  of  sample  and  the  samples  are 
stored  in  glass  bottles  in  a dark  and  cool  place.  They  should  be 
analyzed  for  nitrate  at  the  earliest  possible  time. 

One  hundred  milliliters  of  water  sample  are  measured  into  the 
electrolytic  cell  with  a pipet,  5 ml.  of  uranyl  acetate  solution  and 
1.5  ml.  of  the  aluminum  ohloride-hydroch loric  acid  reagent  are  added. 

The  dissolved  oxygen  is  removed  by  washing  with  nitrogen  gas  and  the 
polaro grams  taken  immediately.  The  current  at  -1.2  v.  vs.  S.C.E.  is 
measured  and  the  nitrate  concentration  is  obtained  from  a previously 
determined  calibration  curve  or  from  the  equation! 

i s (1.17  x 10"2)(m2/3t1/6)(C)f 

after  correction  for  the  residual  current  of  uranium  has  been  made. 

d)  x&mug  of  ttd  mm 

The  validity  of  this  method  was  tested  by  determining  the  nitrate 
contents  of  sea  water  samples  before  and  after  the  addition  of  known 
amounts  of  nitrate.  The  results  are  shown  in  Table  III. 
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TABLE  III 


Teet  of  the  Validity  of  the  Method 


Chlorinity 

o/oo 

Nitrate  Concentration, 
Originally  Present  Added 

/ig-at./l. 

Found 

Difference 

16.40 

0*0 

10.0 

9.8 

-0.2 

16.20 

5.2 

10.0 

15.1 

-0.1 

15.47 

12.5 

20.0 

32.0 

-0.5 

16.47 

14.5 

20.0 

34.5 

0.0 

15,95 

14.7 

40.0 

54,7 

0.0 

14,34 

17.0 

20.0 

37,0 

0.0 

16,40 

18.5 

10,0 

28,7 

+0.2 

16.79 

22,3 

20,0 

42.4 

<0.1 

16,60 

23 , 5 

10.0 

33.2 

-0,3 

16,48 

23.5 

20,0 

43.5 

0,0 

16.71 

24.4 

20.0 

44.7 

+0,3 

16.62 

25,5 

20.0 

45.5 

0.0 

16,14 

26„5 

40.0 

66,5 

OoO 

16.78 

27.2 

20.0 

48.0 

+0.8 

16,69 

28,0 

20.0 

48.0 

0.0 

16,44 

29.2 

40.0 

69.0 

-0,2 

16.89 

29.4 

10.0 

39.4 

0.0 

16,75 

29.4 

40.0 

70,0 

*0.6 

16,91 

29.8 

10.0 

39.6 

-0.2 

16,74 

31.0 

20.0 

50.3 

-Oc7 

19.05 

460 1 

10.0 

56.0 

-0.1 

19.08 

47.2 

20,0 

67.0 

-0.2 

Average  deviation  *0.20 


U- 


It  is  83011  that  the  concentrations  of  nitrate  obtained  after 
the  addition  of  known  amounts  agree  very  well  with  the  sum  of  tho  added 
and  the  actual  nitrate  contents  In  the  samples,  nils  not  only  indicates 
that  the  proposed  method  accurately  determines  nitrate,  but  also  that 
the  calibration  curve  obtained  with  synthetic  sea  water  with  a chlorinity 
of  19  °/oo  is  applicable  equally  well  to  the  analyses  of  actual  sea  water 
samples  over  the  chlorinity  range  of  14  to  19  °/oo0 

b)  Rseato 

a 

Several  series  of  sea  water  samples  were  collected  from  East 
Sound  and  San  Juan  Channel  in  the  San  Juan  Islands  and  also  from  the 
Pacific  Ocean.  They  were  analyzed  following  the  procedure  outlined 
previously.  The  stations  selected  offered  for  analysis  waters  of  differ- 
ent types  and  of  the  maximum  range  of  nitrate  concentrations  which  would 
normally  be  encountered.  The  results  are  shown  in  Table  IV. 

East  Sound  is  essentially  an  enclosed  basin  with  but  little 
exchange  of  waters  with  the  adjoining  water  bodies.  The  water  in  East 
Sound  is  also  stratified.  At  the  season  of  the  year  when  the  samples 
were  collected,  its  water  supported  on  abundant  diatom  population  which 
rapidly  depleted  the  water  of  nitrate. 

The  waters  of  Sen  Juan  Channel  are  rather  uniform  in  distribution 
because  of  vertical  mixing.  The  water  Itself  shows  the  effect  of  dilution 
by  the  Eraser  River. 

The  ocean  station  offered  depth  samples  rich  in  nitrate  and  sur- 
face samples  with  reduced  nitrate  concentrations  <, 
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Analyse*;  of  Sea  Water  Staples  i'oi  nitrate 

Beat  Sound , Bon  Joan  Islands,  48°  40,3'  N_  122°  53, 7J  W 
July  11 v 1952- 

Depths  mstsrs  Nitrate  Conc  n, . /ig-at  /l,  Chlorinity,  °/oo 


0 

0,0 

16  50 

5 

0.0 

1649 

12 

0.0 

-*  * 

18 

0U0 

16,38 

23 

0 5 

16 ,66 

San  Juan  Channel  San 
July  11.,  1952 

Juan  Islands, 

, 4S0  35 " N,  12  3 J 01'  57 

0 

9<6 

5 

11  V 

10 

14  -5 

20 

14  08 

50 

13.5 

100 

13:4 

Pacific  Ocean,  48*’  30' 

■ r,  136°  30' 

W.  July  7.  1952  - 

0 

6 > 

17,99 

5 

5 5 

17  99 

10 

5,5 

17,99 

20 

7,8 

17,99 

30 

3,2 

18,01 

50 

5,3 

18,05 

100 

5,2 

18-06 

200 

22,0 

18,65 
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TABLE  XV 9 (Continued) 


300 

3C  5 

18.73 

500 

38.2 

18.85 

750 

41.5 

18.93 

1000 

46.6 

19.01 

1500 

42*2 

19.05 

2000 

47.2 

19.08 
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The  results  shown  in  Table  IY  for  nitrate  are  in  general  agree- 
ment with  the  previously  reported  data  for  these  waters  (Phifer  and 
Thompson,  1937;  Sverdrup,  Johnson  and  Fleming,  1946) c It  may  be  con- 
cluded from  these  results  that  the  method  yields  satisfactory  results 
when  applied  to  the  analysis  of  sea  waters 0 

IV.  Applications 

This  method  may  also  be  applied  to  the  determination  of  nitrate 
in  fresh  waters o Sinco  no  Interfering  ions  are  present  in  sufficient 
amount  in  flrosh  water,  the  determination  of  nitrate  may  be  performed 
simply  by  adding  a supporting  electrolyte,  such  as  sodium  chloride  to 
make  a Od  M solution,  to  the  water  samples  and  then  following  the  same 
procedure  as  outlined  previously*  It  should  a], so  be  applicable  to  other 
saline  waters  similar  to  sea  water* 
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